@ﬁ SPANDIDOS
,3,‘ PUBLICATIONS

ONCOLOGY LETTERS 10: 2458-2464, 2015

CXCLI1 expression is correlated with Snail expression and
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Abstract. Gastric cancer (GC) continues to result in a poor
survival rate and prognostic biomarkers for the disease are
lacking. Chemokine (C-X-C motif) ligand (CXCLI) expression
plays a critical role in tumor metastasis, and Snail promotes
epithelial-mesenchymal transition (EMT) to promote metas-
tasis. Therefore, the present study aimed to investigate the
correlation between CXCL1 and Snail expression and the
effect of CXCLI expression on the survival of patients with
GC. CXCLI and Snail expression in paraffin-embedded
tissue sections from 127 patients with GC were each assessed
by immunohistochemistry. Cox regression and Kaplan-Meier
analyses were performed to evaluate the prognostic significance
of CXCL1 and Snail. Evaluation of the association between
CXCL1 and Snail expression and clinical characteristics was
based on the y* test. Spearman's rank correlation coefficient and
Fisher's exact test were used to explore the association between
CXCLI and Snail expression in GC tissues. CXCL1 was found
to be significantly associated with tumor invasion (P=0.003),
tumor-node-metastasis (TNM) staging (P=0.001), tumor size
(P=0.013) and lymph node metastasis (P=0.022) in GC. Snail
overexpression was also significantly associated with tumor
invasion (P=0.001), TNM staging (P=0.005), tumor size
(P=0.026), lymph node metastases (P=0.014) and perineural
invasion (P=0.009). CXCLI and Snail expression were indepen-
dent factors for a worse overall survival rate, as determined by
multivariate analysis (P=0.011 and P=0.018; respectively). The
combined expression of CXCL1 and Snail resulted in a worse
prognosis compared with the other three groups (P=0.005).
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Furthermore, there was a significantly positive correlation
between CXCLI and Snail expression in GC (r=0.431; P<0.001).
The expression of CXCL1 is significantly associated with Snail
expression and may be used as a predictive co-biomarker for
patient prognosis and tumor aggressiveness in GC. CXCLI may
promote GC metastasis by regulating EMT.

Introduction

Gastric cancer (GC) is the fourth most common type of cancer
and the second leading cause of cancer-associated mortality
worldwide (1). Metastasis remains the major cause of mortality
in patients with GC, despite advancements in the under-
standing and treatment of cancer (2,3). Therefore, exploring the
molecular mechanisms underlying GC metastasis may provide
novel insights into tumor treatment and predicting patient
prognosis. Chemokine (C-X-C motif) ligand 1 (CXCL1), also
termed GRO-1 oncogene, is a member of the G protein-coupled
receptor family that binds specifically to CXC chemokine
receptor 2 (CXCR2) (4). CXCL1 is overexpressed in melanoma
tumors and is involved in malignant transformation (5). In
addition, CXCL1 activates nuclear factor (NF)-xB signaling
through epidermal growth factor receptor-transactivated Akt
and contributes to CXCR2-mediated ovarian cancer progres-
sion (6). CXCL1 was also found to contribute to prostate tumor
cell migration and invasion through the activation of NF-«xB (7).
In GC, overexpression of CXCLI and its receptor CXCR?2 were
found to be associated with tumor metastasis and a poor prog-
nosis (8). However, the role of CXCLI as a prognostic biomarker
and the mechanism in tumor metastasis remain unknown.
Epithelial mesenchymal transition (EMT) is a process that results
in epithelial cells losing intercellular adhesion and obtaining
myofibroblastic features and is critical for tumor invasion and
metastasis (9). Snail is a zinc-finger transcription factor that may
promote EMT, and overexpression of Snail is associated with
lymph node metastasis and a poor prognosis in patients with
GC (10,11). In GC, NF-«B activation by tumor necrosis factor-Z,
cyclooxygenase-2 and Rho guanosine diphosphate-dissociation
inhibitor 2 increase Snail expression, and Snail downregulates
E-cadherin and promotes EMT (12-14).

In the present study, the prognosis value of the expression
of CXCL1 and Snail was investigated and the correlation
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between CXCLI1 and Snail expression was evaluated. The
current study aimed to identify a prognostic biomarker in GC
and suggest a possible mechanism for the effect of CXCLI1 in
tumor metastasis.

Materials and methods

Patients and samples. In total, 127 patients with GC that
underwent radical resection at the Department of Gastro-
intestinopancreatic Surgery of the First Affiliated Hospital
of Sun Yat-Sen University (Guangzhou, Guangdong, China)
between 2005 and 2007 were enrolled in the present study.
The staging of the resected specimens was performed using
the tumor-node-metastasis (TNM) classification of malig-
nant tumors established by the International Union Against
Cancer (15). No patients received adjuvant therapy, such as
radiotherapy, chemoradiotherapy or chemotherapy, or other
medical interventions. The present study was approved by the
Research Ethics Committee of Sun Yat-Sen University. Prior
to enrollment in the present study, written informed consent
was obtained from all patients.

Immunohistochemistry. Tissue specimens were fixed in 10%
neutral buffered formaldehyde and were embedded in paraffin.
All samples were histologically reviewed by hematoxylin and
eosin staining. Tissue sections were cut into 4-um thick slices
and slides were coated with 3-aminopropyltriethoxysilane
(Guangzhou Xiuwei Commerce Co., Ltd., Guangzhou, China).
Mouse anti-human CXCL1 monoclonal antibody (dilution, 1:50;
catalog no., MAB275; R&D Systems, Inc., Minneapolis, MN,
USA) and rabbit anti-human Snail monoclonal antibody (dilu-
tion, 1:50; catalog no., ab180714; Abcam, Cambridge, UK) were
used. The slides containing paraffin-embedded tissue sections
were baked at 65°C for 2 h, deparaffinized in xylene (3 times
for 10 min each) and then rehydrated in ethanol (100, 95 and
75% graded series). Subsequently, the sections were autoclaved
at 121°C for 8 min in citrate buffer (10 mmol/l sodium citrate;
pH 6.0) for antigen retrieval. Endogenous peroxidase activity
was blocked by incubating the slides in 0.3% H,0, solution.
The sections were blocked with normal goat serum to block
non-specific binding and then incubated with the aforemen-
tioned rabbit anti-Snail and mouse anti-CXCL1 antibodies
overnight at 4°C. Subsequently, secondary antibody (goat
anti-rabbit/mouse antibody; 1:100 dilution; cat no. CW2069A,;
CWBiIo, Beijing, China) was incubated with the tissue sections
for 20 min. Finally, the slides were counterstained with hema-
toxylin (Loogene Biotechnology Co., Ltd., Beijing, China),
dehydrated with ethanol, permeabilized with dimethylbenzene
and mounted for assessment.

Evaluation of immunohistochemical variables. Two indepen-
dent observers, who were blinded to the clinical outcomes of
the cases, performed the immunohistochemical analysis (16).
Subsequent to counting 1,000 tumor cells (high-power field,
x400), the percentage of cancer cells with Snail-positive nuclei
was recorded. Nuclear expression of Snail was graded by clas-
sifying the extent of positive nuclear staining as <10, 11-25,
26-50, 51-75 and >75%. The H-scoring system was used for
semi-quantitative analysis of CXCLI1 expression in the GC
tissue specimens (17).
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Statistical analysis. Actuarial OS rates were calculated
using the Kaplan-Meier method and differences between the
survival curves were analyzed using the log-rank test. The
survival time was recorded in days and was defined as the
time between the surgical procedure and mortality or the
last review. Univariate and multivariate analyses based on
the Cox proportional hazards regression model were used
to determine the association between the survival time and
multiple clinicopathological variables. In order to compare
the individual variables, the y* test was performed. Spear-
man's rank correlation coefficient and Fisher's exact test were
used to explore the association between CXCLI1 and Snail
expression. P<0.05 was considered to indicate a statistically
significant difference. All analyses were performed using
SPSS 19.0 software (IBM, Armonk, NY, USA).

Results

Patient characteristics. The clinicopathological character-
istics of all patients are summarized in Table I. The patients
consisted of 92 males and 35 females. The median age was
57 (26-87) years old. The mean follow-up time of the patients
was 42.3+2.6 months.

Expression of CXCLI and Snail in GC tissues. The expres-
sion levels of CXCLI1 and Snail in tumor and para-carcinoma
tissues obtained from patients with GC were examined by
immunohistochemical analysis. Figs. 1 and 2 revealed the
expression of CXCL1 and Snail in the para-carcinoma tissue
of patients with GC. Fig. 1B and E exhibits the staining
of CXCLI and Snail in the tumor tissue of patients with
GC. Fig. 1C and F is representative of strong staining for
CXCLI and Snail in the tumor tissue of patients with GC.
The dark brown immunostaining was frequently observed
in tumor cells, whereas extremely few incidences of brown
staining appeared in the para-carcinoma tissue of patients
with GC. A receiver operating characteristic curve was used
to determine the cut-off value for CXCLI1 and Snail-posi-
tive cases. The cut-off value for tissue specimens with
CXCLI1 scores is >97.2%, thus, scores of <97.2% indicated
no expression; this resulted in 62.2% patients being defined
as expressing CXCLI1, while the remaining patients (37.8%)
had scores that resulted in the tissue being classified as not
expressing CXCLI1. Positive nuclear staining for Snail at
levels of <75% (55.9%) and >75% (44.1%) was defined as
demonstrating the absence and presence of Snail expression,
respectively.

CXCLI and Snail expression was associated with overall
survival in GC. Cox regression and Kaplan-Meier analysis
were performed to evaluate the prognostic effects of low or
high expression of CXCLI and Snail in GC tissue specimens.
Univariate analysis revealed that neither patient age nor patient
gender demonstrated any prognostic significance for the OS
rate of patients with GC. However, the tumor size (P<0.001),
presence of lymph node metastasis (P<0.001), TNM staging
(P<0.001), depth of tumor infiltration (P<0.001), presence of
distant metastasis (P<0.001) and development of peritoneal
dissemination (P=0.001) were significantly associated with
the OSrate (Table IT). The overexpression of CXCL1 (P<0.001)
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Table I. Clinicopathological characteristics of 127 patients
with gastric cancer.

Characteristic Total, n (%)
Gender

Male 92 (72.4)

Female 35(27.6)
Age

<60 years 77 (60.6)

=60 years 50 (39.4)
Location

Upper third 42 (33.1)

Middle third 28 (22.0)

Lower third 46 (36.2)

Whole 11 (8.7)
Tumor size (maximal diameter)
<5cm 64 (50.4)
>5cm 63 (49.6)
pT

T1-2 41 (32.3)

T3-4 86 (67.7)
pN

No 29 (22.8)

Yes 98 (77.2)
TNM

v 39 (30.7)

1/1v 88 (69.3)
Distant metastasis

No 100 (78.7)

Yes 27 (21.3)
Liver metastasis

No 123 (96.9)

Yes 4(3.1)
Peritoneal seeding

No 109 (85.8)

Yes 18 (14.2)
Histological type

Well-differentiated 4 (3.1

Moderately-differentiated 37 (29.1)

Poorly-differentiated 86 (67.8)

TNM, tumor-node-metastasis stage; pT, depth of invasion; pN, lymph
node status.

and Snail (P<0.001) were significantly correlated with the
OS rate (Table II; Fig. 2). Multivariate analysis revealed that
high expression of CXCL1 (P=0.011; Table III) and Snail
(P=0.013; Table III) were independent prognostic factors
for worse OS rates. The patients demonstrating increased
expression of CXCLI1 and Snail were revealed by univariate
and multivariate analyses to possess worse prognoses
compared with the other groups (P=0.001 and P=0.005,
respectively; Tables 1T and III; Fig. 3).
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Figure 1. Expression of chemokine (C-X-C motif) ligand in gastric
cancer and para-carcinoma tissues, as determined by immunohistochem-
istry. (A) CXCLI1-positive and (B) CXCLI1-negative tumor tissue; and
(C) CXCL1-negative normal tissue (streptavidin-peroxidase method; mag-
nification, x200).

Association between the expression levels of CXCLI and Snail
and the clinical characteristics of patients. The association
between the expression of CXCLI and Snail and the clinical
characteristics of the 127 patients with GC is illustrated in
Table VI. The expression levels of CXCL1 and Snail were
each significantly associated with tumor size (P=0.013 and
P=0.026, respectively), depth of invasion (P=0.003 and
P=0.001, respectively), lymph node metastasis (P=0.022 and
P=0.014, respectively) and TNM staging (P=0.001 and
P=0.005, respectively). The overexpression of Snail was also
associated with peritoneal seeding (P=0.009).

Correlation between CXCLI and Snail overexpression. The
association between CXCLI1 and Snail expression was evalu-
ated using Spearman's rank correlation and Fisher's exact test.
The results revealed that there was a significantly positive
correlation between the expression levels of CXCL1 and Snail
in GC tissue (r=0.431, P<0.001; Fig. 5).

Discussion

In the present study, CXCL1 and Snail were found to frequently
be overexpressed in GC tissues, and the overexpression was
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Table IV. Multivariate analysis of Snail expression associated
with the overall survival rate.

Overall survival

Overall survival

Variables HR 95% C1 P-value  Variables HR 95% CI P-value
Age Age
<60 years vs. 260 years  0.885  0.554-1.414 0.610 <60 years vs. 260 years 0.823 0.507-1.366  0.467
Gender Gender
Male vs. female 1.120  0.663-1.893 0.671 Male vs. female 1.087 0.617-1916  0.772
Tumor size T Classification
<5 cmvs.=5cm 0426  0.263-0.689 0.000 T1-2 vs. T3-4 0519 0264-1.023 0058
T classification Lymph node status
T1-2 vs. T3-4 0.235 0.126-0.440 0.000 Yes vs. no 0234 0.090-0.610 0.003
TNM Distant metastasis
/I vs. HI/IV 0.179  0.088-0.362 0.000 Yes vs. no 0279 0.149-0521  0.000
Lﬁy(mph o sas 0194 00840448 0000 | critoneal seeding
(esVs.no ' DA : Yes vs. no 0.765 0.387-1.509 0.439
Distant metastasis Differention
Yes vs. no 0.189  0.111-0.324 0.000
. . Well/moderately vs. poorly 1.028 0.574-1.853  0.926
Peritoneal seeding . .
Yes vs. no 0352 0.195-0635 0001  >nail expression
. . High vs. low 0.515 0.306-0.867 0.013
Snail expression
High vs. low 0.403 0.251-0.646 0.000 HR, hazard ratio; CI, confidence interval.
CXCLI expression
High vs. low 0371  0.215-0.641 0.000

HR, hazard ratio; CI, confidence interval; TNM, tumor-node-metas-
tasis stage; T classification, depth of tumor invasion; CXCLI1,

chemokine (C-X-C motif) ligand.

Table III. Multivariate analysis of CXCL1 expression associ-

ated with the overall survival rate.

Overall survival

Variables HR 95% CI P-value
Age

<60 years vs. =60 years 0.863 0.519-1.433  0.569
Gender

Male vs. female 1.208 0.692-2.110 0.506
T classification

T1-2 vs. T3-4 0.518 0.261-1.027  0.060
Lymph node status

Yes vs. no 0.267 0.102-0.701  0.007
Distant metastasis

Yes vs. no 0.255 0.137-0476  0.000
Peritoneal seeding

Yes vs. no 0.718 0.366-1.406 0.334
Differention

Well/moderately vs. poorly 1.045 0.579-1.887  0.884
CXCLI1 expression

High vs. low 0473 0.266-0.842 0.011

HR, hazard ratio; CI, confidence interval; T classification, depth of
tumor invasion; CXCL1, chemokine (C-X-C motif) ligand.

Table V. Multivariate analysis of CXCLI1 and Snail expression
associated with the overall survival rate.

Overall survival

Variables HR 95% CI P-value
Age

<60 years vs. =60 years 0.831 0.504-1.370 0.469
Gender

Male vs. female 1.157 0.663-2.022 0.608
T Classification

T1-2 vs. T3-4 0.512 0.260-1.005 0.052
Lymph node status

Yes vs. no 0.253 0.097-0.659 0.005
Distant metastasis

Yes vs. no 0.242 0.129-0455 0.000
Peritoneal seeding

Yes vs. no 0.709 0.361-1.393 0.318
Differention

Well/moderately vs. poorly  1.020 0.566-1.839 0.946
CXCLI1 and Snail expression

CXCL1-/Snail- vs. others 0.395 0.208-0.751  0.005

HR, hazard ratio; CI, confidence interval; T classification, depth of
tumor invasion; CXCL1, chemokine (C-X-C motif) ligand.

associated with a worse prognosis. Patients with combined
CXCLI and Snail overexpression exhibited a significantly
worse prognosis compared to patients with either CXCL1 or



Bz SPANDIDOS
& J PUBLICATIONS

ONCOLOGY LETTERS 10: 2458-2464, 2015

Table VI. Association between CXCLI1 and Snail expression levels and clinical characteristics of patients with gastric cancer.

CXCLI1 expression

Snail expression

Characteristics Present Absent P-value Present Absent P-value

Age
<60 years 43 34 0.067 34 43 0.986
>60 years 36 14 22 28

Gender
Male 56 36 0.614 44 48 0.170
Female 23 12 12 23

Location
Upper third 18 24 0513 17 25 0.309
Middle third 11 17 16 12
Lower third 17 29 17 29
Whole 2 9 6 5

Maximal tumor diameter
<5 cm 31 33 0.013 22 42 0.026
>5cm 17 46 34 29

pT
T1-2 18 23 0.003 9 32 0.001
T3-4 61 25 47 39

pN
NO+N1 47 38 0.022 31 54 0.014
N2+N3 32 10 25 17

TNM staging
I/l 16 23 0.001 29 10 0.005
/av 63 25 42 46

Distant metastasis
Negative 39 61 0.590 41 59 0.091
Positive 9 18 16 11

Peritoneal seeding
Negative 66 43 0.344 43 66 0.009
Positive 13 5 13 5

Histology type
Well 2 2 0.597 3 1 0.443
Moderately 21 16 23 14
Poorly 56 30 45 41

pT, depth of invasion; pN, lymph node status.

Snail overexpression alone or decreased expression of these
proteins. Correlation analysis revealed that CXCLI expression
was significantly associated with Snail expression in GC tissue.
These results demonstrated that CXCL1 and Snail expression
may act as a prognostic biomarker in GC, and CXCLI may
promote tumor metastasis by regulating EMT through Snail.
CXCLI-mediated melanocyte transformation is involved in
the induction of Ras expression, and RAS-induced CXCL1 facili-
tates the transformation of human ovarian epithelial cell (4,18).
The present data revealed that CXCLI1 was highly expressed
in GC (62.2%) and may be critical to tumorigenesis and tumor
metastasis. CXCL1 was highly expressed in breast cancer

metastases and CXCLI regulated the expression of matrix metal-
loproteinase (MMP)-13 and promoted the invasion of the tumor
into the bladder (19,20). CXCLI also mediated the metastasis of
squamous cell carcinoma (21). In GC, CXCL1/CXCR?2 upregu-
lates MMP2, MMP9, N-Ras, K-Ras, signal transducer and
activator of transcription 3 and promote the migratory and inva-
sive abilities of tumor cells (8). The results of the present analysis
revealed that high expression of CXCLI is associated with tumor
invasion and tumor metastasis and may act as an independent
prognosis biomarker in GC. Subsequently, Snail expression was
detected by IHC and the association between Snail and the prog-
nosis of patients with GC and clinicopathological characteristics
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Figure 2. Expression of Snail in gastric cancer and para-carcinoma tissues, as determined by immunohistochemistry. (A) Snail positive and (B) negative tumor
tissue; and (C) Snail negative normal tissue (streptavidin-peroxidase method; magnification, x200).
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Figure 3. Kaplan-Meier analysis of the overall survival time of patients with gastric cancer, based on CXCL1 and Snail expression. (A) High CXCLI expression
in gastric cancer tissue was associated with a poor overall survival time (P<0.001). (B) High Snail expression was also associated with a worse overall survival

time (P<0.001). CXCL1, chemokine (C-X-C motif) ligand.
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Figure 4. Kaplan-Meier analysis of the overall survival time for patients with
gastric cancer, based on CXCL1 and Snail expression. CXCL1 and Snail
expression in primary lesions was divided into four groups, consisting of
the CXCL17/Snail (n=40), CXCL1*/Snail" (n=30), CXCLI1/Snail* (n=8) and
CXCL1*/Snail* (n=49) groups. The overall survival time in patients in the
CXCLI1*/Snail* group was significantly lower compared with the OS time in
the other three groups (P=0.001). CXCL1, chemokine (C-X-C motif) ligand.

Snail
W =75%
125.0%- I>75%
100.0%-] P=0.000
|
o T75.0%
e
L1
o
50.0%]
85.71%
25.0%]
14.29%
0.0% T T
Negative Positive
cXCL1

Figure 5. Association between Snail expression and CXCL1 expression,
determined using Fisher's exact test. CXCLI1, chemokine (C-X-C motif)
ligand.

was analyzed. The results indicated that Snail was associated
with a worse prognosis and clinicopathological characteristics.
Snail-mediated downregulation of E-cadherin expression has
been reported to perform a critical role in tumor invasion and
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metastasis, including in hepatocellular carcinoma and breast
cancer (22,23). In GC, NF-xB activation increases Snail
expression. Snail then downregulates E-cadherin expression
and promotes EMT. Finally, the activation of EMT leads to
tumor metastasis (12-14,24). Analysis of the prognosis of
patients with combined CXCL1 and Snail expression, the
CXCL1*/Snail* group exhibited a worse prognosis compared
with the other groups, particularly the CXCL1/Snail” group.
Furthermore, the difference between the CXCLI1*/Snail* and
CXCLI1/Snail” groups was more significant compared with
that of the CXCLI1* or Snail* groups.

Finally, Spearman's rank correlation and Fisher's exact
test were performed to analyze the association between
CXCL1 expression and Snail expression. Notably, the
expression of Snail was significantly associated with the
expression of CXCL1. CXCLI1 combines with CXCR2 and
may regulate cellular apoptosis through NF-«kB in ovarian
cancer (25). Augmentation of the proinflammatory chemo-
kine CXCLI1 may also activate NF-xB and promote tumor
cell migration and invasion, such as in ovarian and prostate
cancer (6,7). As aforementioned, NF-xB activation may
upregulate Snail and Snail overexpression results in EMT
and leads to tumor metastasis. Therefore, CXCL1 may
upregulate Snail in GC. In order to further clarify the asso-
ciation between CXCLI1 and Snail, the GC AGS cell line was
stimulated by CXCL1 (48 h) and western blot was performed
to detect Snail expression. As a result, Snail was upregulated
(data not shown). Thus, CXCL1 may bind to CXCR2, acti-
vate NF-xB and upregulate Snail. The upregulation of Snail
downregulates E-cadherin and promotes EMT, leading to
tumor invasion and metastasis. However, additional studies
are required to explore this hypothesis.

The present results demonstrated that CXCL1 and Snail
are highly expressed in GC and are associated with tumor
progression and a worse prognosis. The combined expres-
sion of CXCLI1 and Snail may be more effective to predict
the prognosis of patients with GC, and the expression of
Snail and CXCLI are positively correlated with each other.
Therefore, additional studies are required to confirm whether
CXCLI may upregulate Snail expression and lead to tumor
progression and clarify the underlying mechanisms.
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